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(54) AUTOMATIC TRACKING TRAVEL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a high-speed 
tracking travel and a line travel in a longitudinal column 
with high tracking precision along the travel track of a 
leading vehicle. 

SOLUTION: A pair of the travel track (X, Y, 9) and 
manipulated variable (acceleration, braking, and steering) 
of the leading vehicle 101 driven by a man are sent to 
following unmanned vehicles 102 and 103. The following 
vehicles 102 and 103 obtain their current places and the 
target position of the corresponding leading vehicle 101 
so as to select a manipulated variable to be copied at 
present, and performs feedforward control based upon 
the manipulated variable paired with the target position 
as the current manipulated variable and feedback control 
based upon the deviation of the current position from 
the target position. Consequently, the fast tracking 
travel by the feedforward control becomes possible and 
the high-precision tracking travel by the feedback 
control is enabled. 
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state information (Step S8). 

[01 20]Drawing 19 shows the example which formed the possible status display part 142 of 
displaying the state of four sets of the succeeding vehicles 1, 2, 3, and 4 as an example in 
Screen 140 of the display 82 for the navigation devices of the leading car 101. In this status 
display part 142, O seal of the succeeding vehicle 1, 2, 3, and 4 (1, 2, 3, and 4 are numbers of 
succeeding vehicle) bottom is classified by color, and it is shown that that succeeding vehicle is 
carrying out the flattery run normally in being green, and, in the yellow case, it shows the case 
where the flattery delay more than predetermined, etc. occur in that succeeding vehicle. When 
flattery delay etc. occur, by the loudspeaker 81, please flattery-delay-generate in 'succeeding 

vehicle and slow down to it. Please slow down. Warning with sounds, such as is made. 

[0121]In a red case, it should be shown that abnormalities occurred in that succeeding vehicle, 
and at this time, simultaneously, please become epidemic on "succeeding vehicle O watch, and 
stop by the loudspeaker 81 at it. Please stop. Warning with sounds, such as ", is made. 
[0122]It is shown that an applicable succeeding vehicle does not exist from the first in the case 
of a gray color. 

[0123]The digital readout (the example of drawing 19 55, 76) in () of O seal bottom classified by 
color shows the battery remaining capacity (the digital readout of full charge capacity is set to 
"100".) of the succeeding vehicle (the example of drawing 19 succeeding vehicles 1 and 2) in a 
percentage display. 

[0124]In the example of a screen display of drawing 19, although only the position of the leading 
car 101 is drawn on the map, it is also possible to display simultaneously the position of the 
succeeding vehicles 1, 2, 3, and 4 on this map with which the leading car 101 is drawn. 
[0125]Based on the received state information, at Step S7, the leading car 101, When it judges 
whether the succeeding vehicle follows by the predetermined distance between two cars (step 
S9) and flattery delay etc. have occurred, it warns of the speed fall mentioned above (Step S10), 
the fall of speed is demanded from a driver, and speed falls according to a drivers operation 
(Step S1 1). In this case, the deceleration means (42, 44, 84, 86) (refer to drawing 5) which 
functions as a speed limiting means of the leading car 101 restricts the upper limit of the amount 
of accelerator control (motor torque), this restricts the maximum output of the motor 44, and he 
is trying to restrict the travel speed of the leading car 101. 

[0126]Next, when it judges whether abnormalities (failure) have occurred in the succeeding 
vehicle (Step S12) and failure has occurred, it warns of the stop mentioned above (Step S13), a 
stop is demanded from a driver, and it stops according to a drivers operation (Step S14). 
[0127]It is judged whether the battery remaining capacity of a succeeding vehicle is falling (Step 
S15), When battery remaining capacity is falling by at least one set in a succeeding vehicle 
rather than predetermined battery remaining capacity (for example, 30% of capacity of full charge 
capacity), Since we are anxious about the fall of the maximum output of the succeeding vehicle, 
according to a drivers operation, speed falls by warning of the speed fall mentioned above and 
demanding the fall of speed from a driver (Step S1 1). Also in this case, the upper limit of the 
amount of accelerator control (motor torque) is restricted by the deceleration means (42, 44, 84, 
86) (refer to drawing 5), and the travel speed of the leading car 101 is restricted. Then, it returns 
to processing of Step SI, and a control action is repeated. 

[01 28] According to the embodiment mentioned above in this way, the running locus (X, Y, theta) 
and control input (the accelerator, the brake, the steering) of the leading car 101 by manned 
operation are transmitted to the succeeding vehicles 102 and 103 by which an unmanned run is 
carried out by a pair. It can ask for the running locus of the leading car 101 with the distance 
sensors 72 and the azimuth sensor 74. 

[0129]In order that the succeeding vehicles 102 and 103 may choose the control input which 
should be imitated in this time, they ask for a their present location with the own distance 
sensors 72 and the azimuth sensor 74, correct the present location for which it asked by a radar 
measurement value, and ask for a correction present location. While performing feed-forward 
control which makes the control input which asks for the present location of the past of the 
leading car 101 corresponding to this correction present location as a target position, and has 
become this target position and pair the present control input (an accelerator, a brake, a 
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*<am#a (53. 92) &&cx&tsim («*.if. § 

fMSSl0 2tfc5«^l:li. Sf©l«?Sfft 
•5^*1 0 3^itift-r-So ) r=aMI£*i«. 

[ O O 4 9 ] a 7 I*. fS5>J^fTl-fcl+-S5t»» 101I0 
JffECU60 (H5#gg) (0*l|W-«^S7a— ^-V 
— h^^LTt^-S. 

[OO 5 0] 0 8. 91*. fS5"J^fflCfc(t-S^am 1 O 
2. 1O3fl)SffECU60 (I36#S!S) 

[0051] kit. ztit>o>ya— ^-v— h£*#ggL 
)SA^E*5>J*ff^l~fclt*5t»*1 O 1 OT«S?9SSf^fc«fe 
tftfelSf 1 0 2 (1 03) (7>$«ffllBl^l=OUNTSilB-r 

•5 = 

[0052] *-r. K5u^fr©iassKicS)fflftfli3a^ 

5 (Xf-;7S 1 . S 2 1 ) o «DS8<bflia-ei±. I Dt 
LrflJ»5"JS^*S**t»5iJS^fBa^ai 1 6I-E 

(cz-ei*. jtaif 1 01 t&t&mi 02. 103-efc 

y. 1UT. $ii o 1 . 102. 1 o 3 £4,1*5. ) <o 
ffiSfia*<3i«)t.*t-i)o 
[OO 5 3] 01 Olifiia(Daift^$*L-C^*. tDW 

<bffla-ci*. 101. 102. io34<* 
n^tijtff^isi^xffitL. *rox«±K. 4 
mHR|-cS5iJ*4x-5. fit, tii^iimmm 1 o 1. 
102. 103 a>fi<bfia-e. s»s«7)^S!m 103© 

ISG3 (X. Y. 0) A<. G3 (O, O. O) t S 
*V. &8Ef 1 0 2inl8G2 (X. Y. 0) A<G2 
(4. O. O) 5feiHl OKO^SG 1 (X. 



(6) 
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Y, 0) #G1 (8, O. O) <t£*l4o ftfc. ?5$Le 
9 0° ££*l£ 0 

[0054] £/r . tnmitmmxi*. mm 101, 1 o 

2. 1 0 3(0B#£l]3b<. 0 1<DB«NfCiJ-fe? h£ 

O^Mlt. GPS/DGPSSI{4gl7 ocoaia^ic 

C7>B##J-Clift<. a5SSB#££^nB5£LTt£U 0 
[0 0 5 5] fejffl^bffia-CI*. fSlOK 1 

02.1 o 3<Dte&&m&&mmtf?jt>*i* &&mm& 
m iz ^ r x ^ t u > <f -ir s o m&m* is-y-o « 

8?^9$1 0 2, 1 0 3^**^1 O 1 iC&fl* 

[0056] *iSioiii, z0tt|g1if$a£gi*T. 

£«*1 O 1 iCffiJfeLTrg&gtf. X^T'J >^*>T- 

$SLf-^lc-^^raSlc. ftiSSiom. gps/D 
GPSMSS7 ofz^y -Tft:fc>*>P* 
eng. «g. mm) e\z&m-r 

(b) -(oejs^ras-jEsticits-r^z.t^-c^^o * 

fc. CCDltlfccD^S&Kfcl^T. GPS/DGPSfflfig 
37 0**^*;K*$H£^--*l*. &fcB*&gA< 1 mgg 

xommikm i^iiffifflLTi^fti^ 
[0057] Z(DJ:5tcLr. jgCfflWlzii. 9t'um^1$ 

Lr«a**<-^*ra^si im) & 

8$102, 1 O 3#. 5fcS* 1 O 1 (DWl&Z&m ( h 
U-X) -r^^fr-Cfe^K^J^fT3b<g85S$*tfct#. 5fe 
P10 1 <D^i6«ltb^S9 01*. SSHr>tJ-7 2 <h 

C7)8i«E«l£SG 1 (X, Y. 0) kLT&&TfZ> (X^ 
•^S3) „ 

[0 0 5 8 ] Mi] Lfcgffil • ;£fi**ft*gi£tfeM 

sg i zmmzr kux£ l. MSG 1 cornet LXCD 
wia^-* mm&w (x. y) t^e] tunais 

[0059] gf^aeiai^©9 4ii. M&Gic&fcdst 
mv$mmz % *<r>&f&xo>9tm& 1 o 1 omu^o^ 

lc££7^-fe;u-te>-*7 6. *-t?>-*7 8fcJ:l* 

x^ry v^-fe^socDS-ggfta (T^-tz^K^ggsic 



fcUfc-r*^— ^4 4fl)SM"Cft|,Sl|»h;^T (N 
m) . ^U— +^ff*P (N/m2 ) fc^^fT'J^ 

^ott«aj (deg) j £&dsu tifta (t, p, 
cj) coj§<tLT. istt^S9 3fciBia-r^ cx^^^s 

5) o ZCD&51ZLT. IB1t^a9 31^1*. ^IcKB^-r 

[0 0 6 0] @1 11*. £S^1 O10)tfTl(f«f-^ 
;H3 2 0)»ffi«^LtLN-5 o I51g^K93l*. CO) 

HJfcan&ffi-cii. soooficouvy/^^^T^yanK 

S*U T KUXN o. 1 a^&Mft 1 OmsSlC^Sl t 

iaig**L^o 7KL/XN0. i-eit Wi&t— 

(X. Y, 0) = (X1, Y 1 . 0 1 ) <t 1516**1. 1§ 
^tf-^ (T^-bJk Xf7'J>^) 

IT (Nm) . P (N/m2 ) , w (deg) | = (T 
1. PI, £01) ^1511**1^0 *fT«*^— ^iH 3 
2C7KUXNO. 3 0 OO^^aiT— ^tgMf 
-**><IE«£*l*:ii^. 7 KUXN o. 1lzgffcft«iai 

=r- * t sf^ar- ^ t *<±s # * *l * j: 5 u x mm 

[O06 1] ftfc\ HBLt. ^J^fTfztelt^^frftllffll 
(X, Y, 0) fil»l»f-^ (X, Y) li. tK- 

ki 3 (a) i&m<DtomtiiLW:£m&tL. tk-ki 3 
(b) i&fiscTxag^A&Mt-r^^aT-^r'fc^o 

1"ftt)*». 1 Oms«, #3*L(£. ^Sllt a. t b CD MS 
-lr>it7 2C7)m*^. «^[^j£8iRa. Rb, 

^SJ t a -eco$li»T— 5i (X, Y, 6) Wl&T—Z 
(X, Y. 0) = (RaX C os0a.RaXsin0 
a. 0 a) ^SJ t b-ecDSlBfrT— ^ (X. 

Y, 0) l* % (X. Y, 6) = (RaXco 

sflai (Rb-Ra) cos0b* R a x s i n 0 a 
+ (Rb-Ra) sindb. 0b) k$tW£tlZ> 0 
[0 0 6 2] 1 0 lcDfBtt^S9 3lCl5ffi$tvfe 

ftff KH15 1 — ^ 1 3 2 l±. 1 0 1 C7>j£f7«*8<t 

LT. 5t«*1 0 1<B«ttB«S ©lfflih;K7At> 
^ U-^*a^X^7 'J 3b<«f SffiHH ^ ft o T 

l^«<7)««[) .tirtlc. &^Si*1 0 2. 1 0 3lCRfr 

S^fHS{zyT;u^-<AicSfi**t-5 (x^^^s 

6) . 

[0063]-», &i8$1 02, 1 034,, Si^ife 
^th^fSt 1 2 OlCcfcy 1 0msgl^gHz>-9-7 2 <!r^ 
fi-b>^7 4<Dtii^A^gmtta (X. Y) kJ5fad$ 
^tfciL. i^Lt^^3O0 0i(D , J>^<'V77^ 
bft^>iEffi^S9 3lCiEtrr& (X^^3fS2 2) 0 

[ O 0 6 4 ] 1 0 2. 1 031*. X^ 
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3EfT««£»W1#«£«re^a (5 3. 9 2) \Z*l)fk 
{f-r* (Xf*^S2 3) o 
[0 0 6 5] ^"C. «-&8i»1 0 2. 1 0 3I*. 

fi. 5fetr*f**»*i oi-efcy. &«*1 o3cd«^ 

tt**«1 2 4lCcfcyttS!-r^ C*^*^S2 4) „ 
[0 0 6 6]^l:, &tfif1 0 2, 1 0 31*. U-^ 

2 50jl!iIS8L<SttBWSo 
[0 0 6 7] gS(Dj£fr»iBMi. ffi*ir> 

ma-efcorti. K®ttiBa>&Lv *fftt«6o>tf^o 

co-r4iaicj: y 9tmmtm-wi&$: h u-x-r 
1*5 ma***, ^--c. c©a«*a>r*i«t. 

[0 0 6 8] CCT?, £<Ts I8fhlS*A§t^0) 

G F : %^M<T>mM¥k 
G B : 

X' F (t1) =XF (t1) — b 
Y' F ( t 1 ) =Y F ( t 1 ) — b 

IX' FB (t 1) . Y' FB (t 1) } li. *<D 

X' FB ( t 1 ) =XB (t1) + 
1) +LY (t1) XsinflB (t 
Y' FB (t 1) =YB (t 1) — 

1) + L Y ( t 1 ) Xcos0B (t 

■ Lfc (5) 3t~ (8) S-C* 

X' F ( t 2) =XF ( t 2) -b 
Y' F ( t 2) =Y F ( t 2) -b 
X' FB(t2)=XB(t2) + 

2) +LY(t2)x s in0B(t 
Y' FB ( t 2) = YB (t2) - 

2) +LY (t2) x c o s 0B (t 
SfclC. C*lt> 20<DB$9] 1 1 . t 2T'<04$a { (1 ) 5t 



x f ( t i ) : t 1 -ca>5tfT*a>xffiS (Willi. 
m 1 i ic^ufcjt^wa^— 3 2±<D«i» J f— * 

No. 1 -CI*. X 1 ) 

Y F ( t 1 ) : B#£] t 1 -COStS*© Y&g (flAli. 

tt»f-*No. 1 -eii. y D 

6 F ( t 1) : B#£D t 1 -e<D£fTmO>3— (01*. 

XB(ti) : mm t i -ca>&gSSa>xfcg 

Y B ( t 1 ) : &fM t 1 X*<D&8tm(DYmM 

0B(ti) : b^j 1 1 x-<D&Lt$tmoa-ftm. 

f b : ^fimm^eaG2 3b>f>u— tf u-ys o<d»# 

b F : *ff»»fttt«G 1 A* 6 ytt3BjSL"C*4 'J ? 
5 2^-C(DffiSI 

lx (tD : titrnt i-ecDU— j tfu— ysotu^u 

Ly (t1) : B#&] t 1 "CO>U— " »fU— 5 Ot'J ? U 

^«5 2nEaa>afT^nicKfl«i:*ti%na)A5> <u 

KIT, 11 3*#gBLT??^*K^*o 

AXFB: GBSSS^b^:GFlSSMMlX 

«■ (Mf«) 

A Y F B : G BKWIRfr £>*fcG FeH3MKd0>tt*Y 

ga cffi«*r*ta) 

A 0 F B : G Blg?>b^fcG F^a^BSft Cffi 

±E<&#-5§^£Sa>*,£-e. ^a-TixaAx FB. A Y 

FBfccfei/A e FB*»£B-r*asicoi\rRM*r*o 

[0 0 6 9] B#S)t 1 T?(7)U— £*ftffl£ CJ71/JJ5 
2) $GFl81t$Lf:$8 [X' F (tl), Y' 
F (t 1) } I*. (1) 3*. (2) a-oa**i«. 

[O O 7 O] 
F x c o s 0 F ( t 1 ) — ( 1 ) 

Fx s in0F(t1) — (2) 

(3) 5t. (4) AVttZtlZ. 
[007 1] 
[LX(t1)+fB}x C os0B(t 



1) 



(3) 



(LX (t1) + fB| XsinflB (t 



1 ) 



(4) 



[O O 7 2] 
FXcosflF (t2) — (5) 

F x s i n 6 F ( t 2) — (6) 

{LX (t2) + f B| XcosGB (t 
2) - (7) 

[LX (t2) + fB) x s inflB (t 
2) - (8) 

t (2) 5t. (3) SCfc (4) 5£. (5) ^Ci: (6) 



(8) 
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(7) 5t£ (8) 5tl <D"t—$ *m&Jfr(»?tia: 
(AXFB, AYFB, A 0 F B) ZMth-fZo 
[0073] **\ GFffi«3LtT?CDffiS£ fx' F 
( t 1) . Y' F (t 1) } { X ' F ( t 

0' F ( t 1 . t 2) =a r c t a n 
/ (Y' F (t 2) -Y' F (t 1) J ] 



2) . Y' F (t 2) ] ^e^fiSt. XF««)Wft 
£0' F (t 1. t 2) <t-r&<t. (9) 

[0 0 7 4] 

[ [X' F (t 2) -X' F (t 1) J 

— (9) 



m&\z % GBmmm±-e<Dmm&i ix' FBttu, b tn, t 2) t-t&t. etui* x.<o o o) nt-t? 

Y* FB (t 1) } tmS& IX' FB (t 2) , Y' Uth£*l*> 9 
FB (t2) ] Se^H^t. XBtoOttftZd' F [0075] 

0' FB (t1. t2) = a r c t a n [ {X r FB (t2) -X' FB (t 
1) ) / IV FB (t2) -Y' FB (t1) ) ] -(10) 



±!H2oo)ffis^36>t>^/cit«ltt^i-a>*,cD-efc*a> 
v. GFSgSitGBSg^isrtiia fbi*. * 



<D (1 1 ) 3t-e##>t>*i£ a 

[0 0 7 6] 



A0 FB=0' FB (tl, 12) -0' F (t1. t2) 



(1 1) 



mm&<Dxjj\in<Dmm-?tim&x fb^. y^iskdjss 

■r+lSAYFBfi. B#SJ t 2lZfcM**te«^£>*0> (1 

A X F B = X ' FB (t2) -X' I 
2) x s i n A 0 F B 

A Y F B = Y ' FB (t 2) +X' I 
2) x c o s A 0 FB 

f ^t?, liftli (AXFB, AYFB. A0FB) 

0ms SizSai LTL^o 

XFB (t ) =AXFB+XF (t) 
A 0 FB 

YFB (t) =AYFB-XF (t) 
A 0 FB 

0 FB ( t ) =A0 FB+0 F (t) 

arc 9tftmwimzBt>-ez>&5 f^^m^^^iE-r^ 

XBS (t) =XB (t) 
A 0 FB) - AX FB 



2) (1 3) StTSiii 

[0 0 7 7] 
(t2) xcosA0FB-Y' F (t 

- (12) 

(t2) XsinA0FB — Y' F (t 

- d 3) 

[0 0 7 8] C(D«fc5l::SfciiLfc&S^;KS£m^ff 

it. tRjn (i 4) a- (i 6) 5*T*naj-r*c 

[0 0 7 9] 



x C osA0FB+YF (t) x s in 

»■ (1 4) 

XsinA0FB+YF (t) x C os 

- (1 5) 

- (1 6) 

7) a- (1 9) AX'Wlh1rZzttfx-$Z> e 

[0 0 8 0] 

Xcos (— A 0 F B) -YB (t) xsin (- 

- (1 7) 



(t) x 



YBS (t) = X B 
A 0 FB) -AYFB 

0BS (t) =0B (t) — A 0 F B 
3^ja±<D*M<OK^J^^fctt^ffiS-r4ia(D 

0 3 £3^<h^5:i 
[008 1] m 1 IC % 1 f$G 1 ffi 

ttxatuMMi ix 1 ( t) . y i (t) . 01 

(t) } tfj££>*iZ>o mm\t. -Jn— K^-v* h*tt-5 
[0082] 521:, 2^*liSflLfc»lBJitSffl (X 1 

(t) . y i (t ) . 01 (t) i am-cnxLtz 
G2&m%kmmtitm 1x2 (t) , Y2 (t) , 02 



(-A 0 FB) + YB ( t ) 



X c O 6 ( — 

— (1 8) 

- (19) 

(t) } 2^*fr*1^»£ffaiLfcU-y«$8£ 
^bG2SgSiG1ISS0fiIftli (AX 1 2. 
AY 12. A0 12)£S*£bU SmfiS^MjE"r^ 0 

[0083] 2^mi*G2ffiS^«lS»-e<7)S« 
(X2(t), Y2(t). 02 (t)| t, G2 
I8S<tGlSgiO)18f*ll (AX12, A Y 1 

2. A012) &3^m\z*iLXj&m-rz>o 
[oo84] i4i:, 3^m*gLmLtz2^w.<DWl%^ft^ 

8(X2 (t), Y2 (t), 02 (t) 1 

ftmLtzG3mmm(Dm®inm 1x3 <o , Y3 

(t). 03 (t) 1 t, 3^m^t>2-^S^tt^Lfc 

sr«ai t^bG3 mw&i tG2 mmmoimm? tiMt 
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(AX23, AY23, A 0 2 3) £J(aif£o 

[0085] msicG 2mm%ktG i m&&t<Dm&-? 

tit (AX12. AY 1 2, A 0 1 2) <t. G 3 

tG2.mmjkko>m&irfrw <ax2 3. ay23, a 
023) tfrz>G3mmmfrt*frtzG ^mmJ^(Dmmr 

tlS. (AX 1 3, AY13. A 0 1 3) 

AX13=AX23+AX1 2 x c 

AY13=AY23-AX1 2x s 

A a 1 3 = A 0 2 3 + A 0 1 2 

meic. 3^*(ii^*3b^t>3l«*tifcG iffS^tDi 
4*ll»M« txi (t). Y1 (t), 01 (t)} 
i:G3ia^b^:G 1 ffiS^a>^S-rtl« ( A X 1 
3. AY 13, A0 1 3) ^*IEi£fc1^m«&»£S:tiJ 

[0089] Z<D±o\^LX. X^r^S 2 5dfcl*& 
&^Stmi02. 1 OSlCfclf^^ife^^^^jE^ 

[0 0 9 0] ^C, SS$1 0 2, 10 314. StfSL*: 

;ns#ai 1 2 ic^y Uf^s2 6) 0 
[0091] 01 si*, mftate&mmommfr— 

[0 0 9 2] mi 61*. 1 0 20&IE£i£i&. fl! 

±&Lfc: (1 7) 5t<DXBS (t) £X. (1 
8) xfctDYBS (t) SYt Lfc^ffiSWSrSS^LT 

i**. -r^^>*>. ^$1 0 2(±. mm ex. y) ic# 

Ln-1= I (Xn-1 -X) 2 + 
Ln = { (Xn-X) 2 + (Y 
Ln + 1 = { (Xn+1 -X) 2 + 

(2 6) aics-rwattm-r* (XT^S 

2 6 b) o 

(Ln + 1 +Ln) < (Ln + Ln 
Z<D (2 6) &\Z7*tt%f3£tfJ$.iLLTl*Z>frt£5fr£ 

-OffiFCDEKLn- 1 «fciJfl<ttofcJ|*l=l*« ^0CD 
lif^a (7-f-K^^^-Kftqfflia3l*^©1 1 2IZJ: 

l(Xn+1, Yn+1) I;fclt5n + 1il0)f-^ 
-fev h-Cfc*«rfctt»ft* (Tn + 1. Pn+1. cdn 
+ 1) £«ffl-r4 (Xf^S26c) o 
[0096] Z0)l:*V=tt« aM»n$n+1l:I» 

af7?S 2 6 d) o 
[0 0 9 7] -?3 % (2 6) afrD^VatfAALTI^tt 
-T*t>%. -0|t(DE8L n- 1 A<*0)EBL 
n + 1rt<*yfil***lCl*, ^EKDfftfta (7-f-K7 



[0086] a 1 4ii. ca)»ai(D#%i:^n^jS0t? 

fey. G 3l8S^b^f:G 1 sss^ssrtii (A 

X13, A Y 1 3 , A 0 1 3 ) it. (20) 3t~ 

(2 2) j£0£5\~n&£ti*>o 
[0087] 

osA012+AY12x s i nA012 

■« (20) 

i nA012 + AY12X C osA012 

- (2 1) 
•» (2 2) 

1 O 1 ©36frW»l=*3b4jefTllHiT-'?iUl 3 2S« 
a»lCSPLfc*0)T?&y. |U»7-» (Xn-1. Y 
n-1) . (Xn. Yn) . (Xn + 1, Yn+1) l: 
*tl?H*l&LTmftaT-* (Tn-1. Pn-1. 
CUn — 1) „ (Tn, Pn, OJ n ) . (Tn+1, Pn 
+ 1 . U) n + 1 ) A<tt(ttLT l>£ (O 1 1 £#8S) 0 

[009 3] ^C-C. fliittf. f£tt*1 0 2A<, itfE* 
T-^iLtttB (Xn. Yn) iCfrtWitiff*^— 
* (Tn. Pn t cun) £ JRl*Tjfcfr It l>£ £ 0 
lESISttg (X. Y) £ft#*1 O 10>IMftMI (Xn 
— 1. Yn-1). (Xn. Yn) % (Xn+1, Yn 
+ 1) k&mtottl^tKOm&l-n-l . Ln. Ln + 

1 **<D (2 3) (2 5) SClCfcyKdJ-r* (X^r 
7?S26a) o &lEm&&m (X, Y) ±r 
attm»«-r-*t»fflLr^4l«Mft« (Xn. Y 
n) <ta>fffl<Dffi»Ln<t. f aitffcOftBMft* (Xn- 
1. Yn-1), (Xn + 1. Yn + 1) £<DH0)ffigl 
Ln-1, Ln+1 ^jna-r*. 

[0 0 9 4] 
(Yn-1 -Y) 2 } 1/2 ... (2 3) 
n- Y) 2 J 1/2 - (2 4) 

(Yn + 1 -Y) 2 } 1/2 ... (2 5) 

[0 0 9 5] 

-1) - (2 6) 

sT 1 ?— KttM) *SttttJHLTl*«tt*fi« (Xn. 
Yn) IZfcltSg^a^— 2 (Tn. Pn. £Jn) 
l^&Zk\^-fZ> Uf'^S2 6e) o CtDcfcdl-. 0 
lESiSift (X. Y) lZ*y % 5ti*10 10)tt»f-O 

[009 8] COidl-LTttaStlfcltftaT— 

2 6 0)-^<7)A^llC«*S*4x^ Uf7^S2 7) „ 

[0 0 9 9] co>,t£. 7^-K/^9miiXXM 
1 1 814. 5fe»mi 0 MDtkm (Xn. Yn) £l?IESi 

sit (x, y) tonomm. *&b«HiLe-ifa« 

k-*Z>tzlbO>7<(— K/<^^i60®aS3t»-r* (Xt^ 
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3?S 2 8) 0 

[o i oo] si 71*. -p-f-pstvvuwommtez? 

[o i o 11 Hi 81*. ■? << - <7$lWo>Wbft3t® 

[o i 02] woig^ sr. &&mi 0 2i*. **t^ 
[01 03] izmmi oMzjjrz&mmi o 

2. 10 303^^811-3. 2fCcfc 

y^tf)* (xf«>^s28b) 0 mrasaiLa. 
Lbf*. 5te#3u o 1 <&*i$£»#LT#tf)£c<tt,-e 

[o i o 4] sfc&m i o i a)tfc»£#rau * 

»*1 O 1 fi*£>«N)EttL a. L b ^^T^isiSIC^tL 

*l£&8*102. 1 03(Dg8(41 (Xa, Ycr) . 

(X£. Y£) (Xf^S28c) . d 

(DgJgfta (Xcr. Ycr) . (XjS, Y 0) I*. @1 6 
ic^L^BSiia (Xn. Yn) t H C * (D-C fcSo 

[O 1 0 5] CCOSSfiS (Xaf, Yff) , (XjS. Y 

-eco5ta»i o 1 co^tt^^-tt-ettes^e a. 

[0106] ZCOt*. gg&l (Xcr, Ycr) . (X 
£. Y0) ^SftfiS (Xa. Ya) . (Xb. Yb) 
t^RIAe (AX. AY) ttHM-ft (X^*:/^S2 
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